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Decay  of  U235  Fission  Products 


By 
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Plasma  Physics  Branch 
Physical  Science  Laboratory 
Directorate  of  Research  and  Development 
U.  S.  Army  Missile  Command 
Redstone  Arsenal,  Alabama 


ABSTRACT 

Decay  properties  of  mixed  fission  products  from  thermal  fission 
of  U235  have  been  calculated  by  a  method  employed  earlier  but  with 
revised  input  data  describing  decay  of  individual  nuclides.  Input  data 
and  calculated  decay  rates  and  rates  of  beta  and  gamma  energy  release 
are  presented. 
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DECAY  OF  U235  FISSION  PRODUCTS 


The  decay  properties  of  mixed  fission  products  resulting  from 
thermal  fission  of  U235  have  been  calculated  by  a  method  employed 
previously1,  with  use  of  revised  input  data  describing  the  decay 
properties  of  individual  nuclides.  Total  rates  of  release  of  beta  and 
gamma  energy  and  the  gamma  energy  release  in  each  of  several  energy 
groups  were  calculated  for  a  range  of  decay  times  from  10  -  1  08 

seconds  by  summing  the  contributions  from  individual  nuclides. 

Input  data  employed  in  the  present  calculations  are  listed  in  T jble 
1.  The  data  of  Table  I  incorporate  results  of  experimental  measurements 
reported  in  the  period  1957-1960,  subsequent  to  completion  of  the 
original  calculations*  and  correction  of  numerical  errors  in  the  original 
tabulation  of  data.  Assignment  of  decay  data  to  some  of  the  shorter- 
lived  activities  remains  uncertain  in  the  absence  of  experimental 
determination  of  decay  schemes,  and  is  based  on  mass  differences  and 
shell-model  systematics.  The  decay  constant  of  a  nuclide  and  its 
precursor  are  labelled  \2  and  X, ,  respectively.  Fission  yields,  in 
percent,  are  labelled  Y,  and  Y2.  Y,  is  independent  yield,  while  Y2  is 
total  yield,  including  direct  yield  and  the  contribution  from  decay  of 
preceding  members  of  the  decay  chain.  The  energies  of  betas  and 
gammas,  in  Mev  per  decay,  are  listed  in  the  remaining  columns  of 
Table  1.  Eg  is  average  beta  energy;  Eq^  is  total  gamma  energy. 
Columns  headed  Eqj  toGVll  S*ve  gamma  energy  in  each  of  seven 
energy  groups,  as  follows: 

Group  Gamma  energy  range  (Mev) 


I 

0. 

1  -  0.  4 

11 

0. 

4  -  0.  9 

III 

0. 

9  -  1.  35 

IV 

1 . 

35  -  1.  8 

V 

1 . 

8  -  2.  2 

VI 

2. 

2  -  2.  6 

VII 

>  2.  b 

1 


The  decay  rate,  Dj,  of  the  nuclide  at  time  t  after  shutdown 
from  an  operating  period  of  T  seconds  at  constant  power  corresponding 
to  F  fissions  per  second  is 

Dj  (t)  =  0.01  F  |  Aj  exp  (-X,it)  +  Bj  exp  ( -X2it)  J 

Where 


Total  rates  of  energy  release  are  obtained  by  summing  over  all  nuclides: 

D(t)  =EDi(t) 

B(t)  =  £ Dj(t)  •  Eb>  i 

T  (t)  =  ?  Dj(t)  E_._  . 
i  1  I  ,  l 

rj (t)  =?Di(t)  •  EGI>i 
r?(t)  =  5  Dj (t)  ■  egv1i>  . 

Results  of  calculations  are  shown  in  Figures  1-5  for  instantaneous 
fission  and  operating  periods  of  1,  10,  100,  and  1000  hours,  and  for 
decay  times  of  1  0  -10®  seconds.*  Energy  release  rates  in  some  of  the 
gamma  energy  groups  differ  appreciably  from  the  previous  results’ 
for  certain  ranges  of  decay  times.  Total  rates  of  beta  and  gamma  energy 
release  for  t  >  1  03  seconds  differ  only  slightly  from  those  obtained 
earlier  and  are  in  reasonable  agreement  with  experiment.  The  total 
rate  of  gamma  energy  release  for  1  02  sec  <  t  <  1  03  sec  is  somewhat 
'higher  than  previously  calculated  and  is  in  good  agreement  with  measured 
value  s . 3 


■*  These  resul’s  and  the  data  of  Table  I  have  been  circulated  in  tabular 
form  but  have  not  been  presented  previously  in  report  form. 
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INSTANTANEOUS  FISSION 


Figure  1.  DECAY  RATES  DUE  TO  INSTANTANEOUS  FISSION 


DECAY  rate  fMEWSEC  wamt 


TIME  AFTER  SHUTDOWN  (SEC) 
1  HR  OPERATION 


Figure  2.  DECAY  RATES  DUE  TO  1-HOUR  REACTOR  OPERATION 
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DECAY  RATES  DUE  TO  10-HOUR  REACTOR  OPERATION 


Figure  3 
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TIME  AFTER  SHUTDOWN  (SEO 
100  HR  OPERATION 


Figure  4.  DECAY  RATES  DUE  TO  100-HOUR  REACTOR  OPERATION 
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TIME  AFTER  SHUTDOWN  'SEO 
1000  HR  OPERATION 


Figure  5.  DECAY  RATES  DUE  TO  1000-H0UR  REACTOR  OPERATION 
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